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(57) ABSTRACT 

An apparatus is disclosed Which is capable of detecting a 
selected gas in a liquid sample to a sensitivity in the range 
of 10 to 10,000 parts per trillion. Such sensitivity is achieved 
by concentrating the selected gas in a sample Without 
concentrating sources of ionic interference that are also 
present in the sample. Selective concentration of the gas is 
achieved by vaporizing the sample, correcting for non-ideal 
vaporization, selectively condensing the selected gas from 
the vapor, and detecting the selected gas. Methods for using 
the apparatus and detecting the selected gas are also dis 
closed. 

29 Claims, 5 Drawing Sheets 
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PARTS PER TRILLION DETECTOR 

BACKGROUND 

An apparatus is provided Which is capable of detecting a 
selected gas in a sample With a sensitivity of less than one 
part per billion (109) parts; that is, With a sensitivity in the 
range of parts per trillion (1012). Methods for detecting a 
selected gas in a sample With a sensitivity in the range of 
parts per trillion are also disclosed. The apparatus and 
methods provide for detection of a selected gas in amounts 
as loW as 10 parts per trillion (1012). 

The apparatus and methods disclosed herein provide 
means Whereby a selected gas in a relatively large sample 
volume is concentrated into a relatively small volume. 
Substantially all the gas is recovered from the sample and is 
concentrated in a small volume of Water. 

Ordinarily, concentration of a sample also results in 
concentration of salts and other contaminants in the sample. 
The presence of such salts and contaminants, that is, any 
component that is not the sample carrier, such as Water, or 
the gas of interest, in the sample creates ionic interferences 
in the detection of a selected gas of interest in the sample, 
thereby reducing the sensitivity With Which the selected gas 
can be detected. 

The present apparatus and methods, hoWever, concentrate 
the selected gas of interest but substantially eliminate the 
ionic interference one Would otherWise expect from concen 
tration of the sample. By obviating ionic interference, the 
present apparatus and methods permit one to use conduc 
tivity to measure only the component of the sample that is 
of interest. Further, the sensitivity With Which the component 
of interest is able to be detected is vastly enhanced. 
Typically, the sensitivity of detection is enhanced by about 
at least tWenty (20) fold over that of an unconcentrated 
control. The high sensitivity of the present apparatus and 
methods provides detection of the component in amounts as 
small as 10 parts per trillion. 

SUMMARY 

For purposes of illustrative example only and not intended 
as a limitation of the present apparatus, the apparatus is 
described herein using an aqueous sample. The apparatus 
may be adapted for the detection of a selected gas in any 
vaporiZable sample With the proper selection of materials, 
operating temperatures, and detection means. Also for pur 
poses of illustrative example only and not intended as a 
limitation of the present apparatus, the apparatus is 
described herein using carbon dioxide (CO2) as the selected 
gas to be detected. The apparatus and methods may be 
adapted for the detection of any selected gas Which is soluble 
and ioniZes in a vaporiZable sample. 
Among the advantages of the apparatus and methods are 

(1) expendable gases are not required; and (2) reagents are 
not required either to react or to detect the selected gas. 

A liquid sample, such as a relatively large volume of 
Water, is heated to release the dissolved gas in the sample. 
These gases typically include CO2, oxygen and nitrogen. A 
portion of the Water is evaporated to form a vapor. Sources 
of ionic interference, such as dissolved salts and metals in 
the Water, remain in the Water and do not enter the gas phase 
along With the vapor. The vapor is, therefore, free of sources 
of ionic interference. 

The vapor is condensed to form a liquid condensate in the 
presence of the released gases. Equilibrium solubility favors 
the reabsorption of substantially all of the CO2 released 
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2 
from the heated Water into the liquid condensate. Gases, 
such as oxygen and nitrogen, are not reabsorbed by the 
condensate due to limited solubility and remain free gases. 
The free gases may be removed by, for example, a gas 
permeable, liquid impermeable membrane. 

The volume of the liquid condensate is very small com 
pared to the beginning volume of the Water sample. The CO2 
is, therefore, greatly concentrated in the small volume of the 
condensate. The condensate is also free of sources of ionic 
interference. 

Detecting the presence and quantifying the amount of 
CO2 in the condensate may be accomplished by a variety of 
methods or devices knoWn to those skilled in the art, such as 
conductivity measurement, optical measurement such as 
ultraviolet absorption, pH measurement, colorimetric 
measurement, and others. The preferred mode of detection, 
hoWever, is direct conductivity measurement. 
An apparatus to detect a selected gas in a sample com 

prising a concentrator that concentrates the selected gas 
Without concentrating sources of ionic interference and a 
detector in ?uid communication With the concentrator is 
provided. The concentrator comprises a vaporiZer to evapo 
rate at least a portion of the liquid sample to form a carrier 
vapor, a mist trap to remove mist resulting from incomplete 
vaporiZation, and a condenser to condense the vapor in the 
presence of the free selected gas, Whereby the selected gas 
is concentrated in the condensate volume Which is free of 
sources of ionic interference. 

To detect a gas in a sample With a sensitivity in the range 
of parts per trillion, it is important to prevent the carry over 
of mist When the vapor is condensed. Mist is the result of 
incomplete vaporiZation. Mist dropplets, therefore, may 
contain amounts of dissolved salts or metals that Would 
interfere With the conductivity of the condensate if the mist 
Were carried over to the condenser and contaminated the 
condensate. That is, mist is undesirable because salts are 
carried over by the liquid droplets of the mist. Vapor, on the 
other hand, is desirable because in a vapor all of the liquid 
is converted to its gas phase and is incapable of carrying 
over any salts, metals, or other sources of ionic interference. 
The present apparatus provides a mist trap Which corrects 
for non-ideal operation of the vaporiZer and minimiZes 
contamination of the condensate With sources of ionic 
interference. 

Mist may be trapped, for example, by borosilicate glass 
beads, Which provide sufficient surface area and How 
characteristics, such as turbulence, so that mist droplets 
accumulate on the beads and run off as liquid. Liquid from 
the concentrator may be utiliZed as a blank control to 
calibrate the apparatus. For example, a sample ?oW rate of 
5 ml/min may be concentrated to a concentrated analyte ?oW 
rate of 0.25 ml/min. 4.75 ml/min of the original sample 
Water volume (from Which the dissolved gases have already 
been released by heat) remains as effluent or run off liquid. 
Aportion of this effluent may be concentrated identically to 
the analyte sample to serve as a blank. 0.25 ml/min of the 
effluent liquid may be utiliZed as a blank, and the remaining 
4.5 ml/min of effluent liquid is simply drained from the 
apparatus. 
The amount of the selected gas in the condensed blank is 

very loW, if not virtually undetectable, because the gas Was 
released from the liquid by heating prior to concentration of 
the blank sample. Such a blank control is very reliable 
because it is provided from the same sample liquid as the 
analytical sample. 
The apparatus may be adapted to provide such a blank 

control in parallel With the analytical sample by providing a 
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concentrator comprising a u-tube whereby the analytical 
sample and the blank control sample are segregated and then 
concentrated and detected in parallel. 

The apparatus performs optimally When the concentrator 
is tilted from the horiZontal so that liquid runs off and is 
separated from vapor. 

METHODS OF CO2 DETECTION 

A sample that has been concentrated and vaporiZed as 
described herein is noW in condition for measurement of the 
selected component of interest, such as carbon dioxide. The 
method of measuring or detecting the component of interest 
may be any suitable method desired. 

For example, CO2 may be detected and measured by 
observing changes in conductivity of a conductive material 
brought about by the presence of carbon dioxide. Many such 
methods are possible, and the most prominent of these 
methods knoWn are summariZed beloW, merely for the 
purpose of illustrative example and not to limit the scope of 
the present disclosure and claims. 
US. Pat. No. 4,666,860, “Instrument for Measurement of 

the Organic Carbon Content of Water” (reference 1); and 
US. Pat. No. 5,132,094, “Method and Apparatus for the 
Determination of Dissolved Carbon in Water” (reference 2), 
are incorporated by reference in there entirety. 

Organic contamination of Water can be detected by oxi 
diZing the organic material and measuring the conductivity 
of the CO2 thereby produced. Conductivity may be used 
since the CO2 gas is in equilibrium With conductive carbon 
ate ions. Various measurement methods are available, as 
disclosed beloW. Performance of these methods is compared 
and described beloW. 
Method 1 includes direct measurement of the sample after 

oxidation (direct conductivity measurement). 
SAMPLE —————> REACTOR ————> SENSOR —————> DRAIN 

Since there is no provision for measuring the background, 
this method is only practical Where the conductivity signal 
of the background, Which includes other conductive species 
in the sample, is negligible compared to the signal from the 
sample. This method has extremely high error unless used in 
salt-free and pH-neutral samples, Which Would-be a rare 
application. 
Method 2 (described in Reference 1) analyZes a discrete 

sample, permitting measurement of the background prior to 
oxidation. 

uv radiation 

1 
shutoff valve 

SAMPLE SENSOR ---- --><- -------------- -—->DRAIN 

While reducing pH and salt-induced errors, this method is 
susceptible to error When ionic organic species are present in 
the sample (i.e., conductivity of acetic acid is greater than 
the CO2 produced by its oxidation, causing false-negative 
signals), or in the reaction products (i.e., chlorides in the 
oxidation of chloroform cause false-positives). 
Method 3 uses before and after oxidation by tWo conduc 

tivity sensors to permit continuous on-line monitoring. 

SAMPLE ————> SENSOR 1 ————> REACTOR ————> SENSOR 2 

————. DRAIN 
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4 
In addition to the limitations of Method 2, error is 

introduced by subtracting signals from tWo separate sensors. 
Method 4 (described in Reference 2) transfers the CO2 

across a gas-permeable membrane prior to conductivity 
measurement. 

SAMPLE ----> REACTOR ----> MEMBRANE/DEIONIZED 

WATER/SENSOR ---->DRAIN 

Thus, ionic interference is eliminated, except for those 
compounds having both ionic and gas phases in Water (i.e., 
iodine). 
Method 5, the current apparatus, concentrates the sample 

to provide high signal-to-noise. The CO2 concentration is 
increased, thereby providing a sensitivity gain Which may be 
greater than tWenty (20) times the sensitivity of methods 
1—4, above. 

SAMPLE‘ - - - -> REACTOR \ - - - ->CO2 CONCENTRATOR- - - ->DRAIN 

l 
‘ condensate 

SENSOR 

CO2 is removed from the sample by boiling, and then is 
recovered, highly concentrated, in a small volume of con 
densate. Increased sensitivity is obtained by increasing 
sample volume and/or decreasing condensate volume. Ionic 
interference is retained in the spent sample leaving the 
concentrator. 

A detector suitable for the present apparatus comprises a 
conductivity cell comprising: 

sample inlet; 
an annular ?oW electrode in ?uid communication With the 

inlet; and 
a display connected to the annular ?oW electrode, 
Whereby the display shoWs changes in the conductivity of 

the electrodes in the presence of a selected gas. 
The conductivity cell may comprise concentric tubular 

electrodes. 
The present apparatus and methods may be adapted for 

either continuous process monitoring or for batch mode 
analysis. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1a,1b is a cross-sectional, schematic vieW of one 
embodiment of a gas concentrator. 

FIG. 2 is a cross-sectional vieW of an annular-?ow 
conductivity cell. 

FIG. 3 is a cross-sectional, schematic vieW of one 
embodiment of a gas analyZer apparatus. 

FIG. 4a is a cross-sectional, schematic, side vieW of an 
alternative embodiment of a gas concentrator suitable for 
parallel analysis of an analytcal sample and a blank control 
sample. 

FIG. 4b is a cross-sectional, front schematic vieW of a gas 
concentrator of FIG. 4a. along line A—A. 

FIG. 5 is a cross-sectional, side schematic vieW of another 
embodiment of a gas analyZer apparatus comprising the 
concentrator of FIG. 4a,b. 
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DETAILED DESCRIPTION 

Refer to FIG. 1, showing a cross-section of the CO2 
concentrator, designated generally by numeral 1. The Water 
sample enters injector 20 through inlet 2 Where the sample’s 
temperature is raised to release dissolved gases. The sample 
is then introduced into vaporizer 3 to evaporate at least a 
portion of the Water to form a vapor. VaporiZation occurs 
along loWer vaporiZer tube Wall 4. 

Liquid injector 20 is ?ush With and parallel to loWer 
vaporiZor 3 Wall 4. The direction of vapor How is shoWn by 
arroW b. The direction of liquid How is shoWn by arroW c. 

Mist trap 6 removes mist from the vapor to remove 
substantially all sources of ionic interference that Would 
otherWise be carried over to condenser 26 and contaminate 
the condensate. 

Liquid ?oWs doWnWard by gravity in a thin ?lm along 
Wall 4, minimiZing splashing and mist formation in the 
upWard vapor ?oW, thereby avoiding ionic carryover. Vapor 
iZer 3 is slightly tilted so that gravity induced liquid ?oW 
provides suf?cient residence time for conversion of all CO2 
species in the liquid condensate to the gas phase. The 
amount of tilting is empirically determined for a particular 
situation, but experience indicates that a tilt of about 15 to 
45 degrees from the horiZontal usually provides suf?cient 
residence time. Spent liquid is drained form the bottom of 
vaporiZer 3 at sample drainage port 5. 

Vapor ?oW rises to mist trap 6 Which corrects for non 
ideal operation of the vaporiZer stage. Mist trap 6 has three 
important tasks: 1) it traps and returns any mist to vaporiZer 
3; 2) it equilibrates the temperature of any overheated steam 
to the boiling point; and 3) it prevents vaporiZer Water from 
?oWing into the condenser as a steam-sWept surface ?lm 
(surface entrainment). FloW through glass beads 7 creates 
turbulence causing ?ltering of small mist particles by 
impingement on the large, Wet, hydrophilic surface of beads 
7 so that mist particles groW into a small net How of liquid 
back toWard vaporiZer 3. 
Upon condensation in condenser 26, CO2 reabsorbs into 

the liquid Water condensate, Which has a relatively small 
volume, and is concentrated free of ionic interference. The 
temperature is loWered to a minimum in order to maximiZe 
the dissolved CO2, i.e., the ionic species that is to be 
detected. 

The condensate ?oWs through outport 34 to be detected 
by a conductivity cell (FIG. 2) in ?uid communication With 
port 34. 
LoW conductivity detection limits require a chemically 

resistant material for the apparatus, including the mist trap 
beads. Borosilicate glass Was selected for several reasons: 1) 
it possesses excellent Wetting characteristics and non-porous 
surface, Which facilitate the maintenance of thin ?lms of 
Water; 2) it is easy and inexpensive to fabricate; 3) it is 
convenient for visual inspection; and 4) it is not attacked 
aggressively by pure Water. 

Refer noW to FIG. 2, Which is a cross-sectional schematic 
diagram of an annular-?oW conductivity cell for CO2 
detection, designated herein generally by the numeral 8, of 
the apparatus. The sample, concentrated in concentrator 1 
(FIG. 1) is preconditioned before conductivity measurement 
in cell 8. Free gases are removed through a hydrophobic 
membrane across port 10. The sample enters conductivity 
cell 8 through inlet port 10 into mixing chamber 9 and 
through passage 11 to annular-?oW cell 12. Port 10 is in ?uid 
communication With, or identical to, port 34 of FIG. 1. 

Conductivity is measured in annular-?oW cell 12, Which 
comprises concentric tubular electrodes: inner electrode 13 
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6 
and outer electrode 14. Electrodes 13,14 respond to the 
presence of CO2 With a change in conductivity. Electrodes 
13, 14 are retained in cell 8 by electrode retainers 15. This 
con?guration minimiZes both the cell constant, for maxi 
mum sensitivity, and the sample volume While achieving 
plug ?oW. 

Conductivity cell 8 also comprises ?uid outlet port 16. A 
Temperature Sensor 17 is located betWeen electrodes 13, 14, 
and port 16. Mechanical/electrical connection 18 may be 
connected to a suitable conductivity indicator display such 
as a needle and gauge or a digital readout. 

FIG. 3 is a cross-sectional, schematic diagram of a gas 
analyZer apparatus, generally designated herein by the 
numeral 19. CO2 Concentrator 1 and Annular-FloW Con 
ductivity Cell 8 are incorporated into TC/TIC analyZer 19 
for continuous process monitoring applications. 
CO2 Concentrator 1 comprises an all borosilicate glass 

unitiZed assembly mounted in insulated metal heater block 
22. Inlet 23 is in ?uid communication With reactor 21. 
Condensate-out port 34 is in ?uid communication With 
Conductivity AnalyZer 8. Drain 35 conduits ?uid to drain tee 
36. 

A sample enters reactor 21 through inlet 20, shoWn in 
FIG. 3 as a T valve, to convert organic carbon to CO2. The 
reacted sample enters vaporiZer 3 through inlet 2. The 
sample ?rst encounters sample preheater tube 20, 
comprising, for example, a cylindrical tube of Vs inch ID and 
17 inches long. Sample injector/preheater tube 20 provides 
sensible heat to raise the temperature of the sample to its 
boiling point. 

Injector 20 transports the preheated sample into vaporiZer 
tube 24, comprising, for example, a cylindrical tube approxi 
mately 15 inches long and having a 0.5 ID. In the example 
illustrated here, injector/preheater tube 20 extends substan 
tially into vaporiZer tube 24, Which is easily accomplished 
because vaporiZor tube 24 has an internal diameter greater 
than the outer diameter of injector 20. CO2 and free gases 
are carried in tube 24 by the How of steam. 

For optimal performance, vaporiZor 3 is tilted from the 
horiZontal to direct liquid ?oW doWnWard tangentially along 
tilted tube Wall 4 to minimiZe splashing (Which can cause 
mist pickup in the upWard vapor ?oW), thereby preventing 
ionic carryover. 

Heater block 22 may be mounted around vaporiZer tube to 
provide heat to vaporiZer tube 24. Heater block 22 also 
insulates tube 24 from losing heat. 

Temperature (T) and pressure (P) monitors or controls, 50 
may also be installed to control or monitor the temperature 
and pressure in tube 24. This example also shoWs tube 20 
being bent in roughly a U-shape to gently direct liquid ?oW 
doWnWard along vaporiZer Wall 4 Without splashing. 
The vaporiZed sample enters mist trap 6, comprising, for 

example, cylindrical tube 25, approximately 3 inches long 
and having about a one-half inch ID, ?lled With 3 mm glass 
beads or balls to prevent liquid carryover to condenser 26. 

Insulation 27 may be Wrapped around vaporiZor tube 24, 
mist trap 6 and heater block 22 to substantially prevent the 
loss of heat from the these elements of the apparatus. 

Condenser 26, in ?uid communication With mist trap 6, 
condenses vapor from vaporiZer 3. In the preferred 
embodiment, condenser 26 comprises a peltier condenser, 
comprising stainless steel tubing and further comprising 
airfoil ?ns to increase the surface area for better cooling. 
Interfacing fan 28 transfers latent heat aWay from condenser 
26. 
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The noW concentrated sample ?oWs from condenser 26 to 
conductivity analyzer 8. Conductivity analyzer 8 may com 
prise a conductivity meter, for example the MONEC D 9135 
modi?ed for parts per trillion carbon (pptc) computing and 
display. An algorithm is used for converting uS/cm to pptC 
and an algorithm for faster response by ?rst-order exponen 
tial may be used. 

AnalyZer 8 also comprises insulated housing 28, drain 29, 
pump 30 controls condensate ?oW to facilitate drainage out 
of drain 29. A temperature control algorithm that uses a 
sensor in analyZer 8 for feedback may also be used to 
maintain a constant, elevated temperature to analyZer 8. 
Regardless of Whether a temperature control algorithm is 
used or not, it is important to measure the temperature of the 
sample in analyZer 8 to calculate the CO2 level in the 
sample. 
We noW turn for a closer look at the management of 

condensation disclosed above by means of vaporiZer 3, mist 
trap 6, and condenser 26. Recall that vaporiZer 3 comprises 
preheater tube 20, vaporiZer tube 24, heater block 22. 
VaporiZer 3 is tilted With respect to the horiZontal, and mist 
trap 3, in ?uid communication With vaporiZer 3, is tilted 
upWard in relation to vaporiZer 3. These elements cooperate 
to provide condensate ?oW control to control the rate of 
vapor production. Vapor production is controlled by man 
aging the dynamic equilibrium state betWeen the gaseous 
vapor state and the liquid condensate state of the sample. 
This equilibrium can be managed by regulating the tem 
perature and pressure of the system and regulating the ?oW 
of liquid runoff. 

Temperature is regulated by insulated heater block 22 
comprising a heater of sufficient poWer to at least partially 
vaporiZe the sample, for example, to heat a liquid sample to 
or above its boiling point. 125 Watts has been found suitable 
for Water, but is disclosed merely for illustrative purposes 
and not to limit the scope of the claims appended hereto. 

Pressure/temperature transducer 50 may be connected to 
vaporiZer 3 to provide pressure regulation in vaporiZer 3 to 
achieve and maintain a desired liquid level in vaporiZer 3. 
0—15 pounds per square inch (psig) has been found, 
empirically, to be suitable for proper instrument operation. 
Peristaltic pump 60 connected to vaporiZer 3, either indi 
rectly through pressure transducer 50, or independently of 
pressure transducer 50, provides pressure Which is measured 
by pressure transducer 50. Heat and pressure are supplied to 
the system to achieve or maintain the desired production 
rate. The state of the liquid/vapor equilibrium may be 
determined by measuring the ?oW rate of the liquid con 
densate. The condensate ?oW rate may be regulated by 
peristaltic pump 30. Apump capable of approximately 0.2 to 
0.5 cc/min has been found suitable for ppt sensitivity. 

Temperature and pressure can be regulated in vaporiZer 3 
simply by providing an over-pressure release mechanism, 
such as a pressure actuated valve, and providing an over 
temperature shut off mechanism, such as a thermostat, 
Whereby the heat input into the vaporiZer is at least su?icient 
to assure vaporiZation of the sample. 

Acontrolled condensate ?oW rate of approximately 0.2 to 
0.5 cc/min has been found suitable for parts per trillion 
sensitivity. In its best mode, condensate ?oW control further 
comprises a pressure/temperature control algorithm to con 
trol the system automatically and/or by computer and a 
condenser cooling fan to cool condenser 26 by removing 
sensible and latent heat from Water vapor. 

Reactor 21 is provided for converting organic carbon to 
CO2 prior to CO2 concentration, if desired. Reactor 21 may 

10 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

8 
be modi?ed or adapted, as necessary, for ?uid connection to 
a CO2 concentrator such a shoWn in FIG. 1. A reactor such 
as described in Us. Pat. No. 5,413,763 has been found 
suitable for ppt sensitivity. 
The preferred embodiment also comprises, connected to 

the apparatus, sample pump 31, such as an FMI pump or a 
constant pressure ori?ce or other suitable means, to facilitate 
introduction of the sample into the apparatus (a ?oW rate in 
the range of 2 to 10 ml/min has been found, empirically, to 
be suitable for sample introduction); sample select valve 32; 
and Total Carbon/Total Inorganic Carbon (TC/TIC) mode 
select valve 23, such as a 3-Way valve. 
A blank—Water Without CO2—is generated from the 

ef?uent of the sample leaving concentrator 1. The liquid 
ef?uent from the sample is pure Water, containing no CO2, 
since all the CO2 Was released from the sample and con 
centrated in the vapor. Aportion of the ef?uent Water may be 
concentrated as a blank control, and CO2 detected in the 
blank control. 

Condenser 26 is preferably of stainless steel, Which has 
better heat transfer properties than glass. Fan 28 is used to 
remove heat for condensation. Condenser 26 is partitioned 
to keep the sample and the blank segregated. Condensation 
is enhanced by fan 61. 

FIG. 4a is a cross-section schematic draWing of another 
concentrator of the apparatus suitable for parallel analysis of 
an analytical sample and a blank control sample. The FIG. 
4b is front schematic vieW of the concentrator of FIG. 6a 
along line A—A. 

U-tube 400 provides an instrument blank. A sample enters 
the concentrator at port 2 through liquid injector 20 Where 
dissolved gases are released from the liquid by heat. At least 
a portion of the liquid is vaporiZed. Liquid from incomplete 
vaporiZation and mist trap run off ?oW in the direction of 
arroW c along Wall 4, around the turn of u-tube 400 to blank 
vaporiZer 401, Where the liquid is vaporiZed. Mist trap 402 
removes mist from incomplete vaporiZation. Beads 406 in 
mist traps 6, 402, may be dimpled to enhance the capture of 
mist droplets by increasing the surface area of beads 406 and 
by increasing the turbulence of the vapor ?oW. Blank vapor 
is conducted through port 404 to a condenser. Excess ?uid 
is expelled through drain port 405. Analyte vapor passes 
through analyte mist trap 6, through port 403 to a condenser. 

FIG. 5 is a cross sectional schematic of another embodi 
ment of a gas analyZer apparatus comprising the concentra 
tor of FIG. 4a,b. This apparatus is substantially similar to 
that of FIG. 3, With corresponding elements sharing the 
same numeral designation. Further provided, hoWever, is 
u-tube concentrator 400. Also provided is a second detector 
in ?uid communication With condenser 26 for detection of a 
selected gas in the blank sample. 
The Blank provides a baseline reference used to correct 

for any non-ideal performance induced by the environment 
of the instrument. Both analytical and blank signals are 
continuously monitored to provide a net signal for CO2 
concentration computing and reporting. 
The liquid level in vaporiZer 3 is controlled by maintain 

ing its temperature and pressure (i.e., there is no liquid level 
sensor in this embodiment). 
The temperature of the conductivity cells is not actively 

controlled for tWo reasons: 

1. CO2 is less soluble at higher temperature, Which could 
adversely affect recovery; 

2. active temperature control induces noise. 
Condenser 26 may be a peltier condenser. Unabsorbed 

gases such as nitrogen and oxygen are expelled through gas 
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permeable, liquid impermeable membranes across ports 
502, 503 While condensate passes through to conductivity 
cell 8,501. 

Cells 8,501 are periodically calibrated to ensure they read 
identical values for the same sample. Spent condensate is 
eXpelled from each cell 8, 501 by ports 504, 505 respec 
tively. 

Also shoWn is drain 506, and back pressure regulator 507. 
The amount of CO2 in the sample is determined by 

comparing the conductivity of the sample With the conduc 
tivity of the blank. 

Although exemplary embodiments of the apparatus and 
methods have been shoWn and described, many changes, 
modi?cations, and substitutions may be made by one of 
ordinary skill in the art Without departing from the spirit and 
scope of this invention. 
What is claimed is: 
1. An apparatus for detecting a selected gas in a liquid 

sample, the apparatus comprising; 
a concentrator to concentrate the selected gas in the 
sample Without concentrating sources of ionic 
interference, comprising: 
a vaporiZer to eXpel the selected gas out of the liquid 

sample and to evaporate at least a portion of the 
liquid sample to form vapor; 

a mist trap in ?uid communication With the vaporiZer to 
capture mist droplets from the vaporiZer; and, 

a condenser in ?uid communication With the mist trap 
to condense the vapor to a liquid condensate, 
Whereby the selected gas in the vapor is sorbed and 
concentrated in the liquid condensate; and, 

a detector in ?uid communication With the concentrator 
to detect the selected gas in the sample. 

2. The apparatus of claim 1, Wherein the concentrator is 
tilted from the horiZontal. 

3. The apparatus of claim 1, further comprising a reactor 
in ?uid communication With the concentrator to react the 
sample prior to concentration. 

4. The apparatus of claim 1, Where in the apparatus is 
adapted for continuous process monitoring applications. 

5. The apparatus of claim 1, Wherein the apparatus oper 
ates in batch mode. 

6. The apparatus of claim 1, Wherein the apparatus is 
adapted for total carbon/total inorganic carbon analysis of a 
sample. 

7. The apparatus of claim 1, further comprising a hydro 
phobic membrane attached to the concentrator to remove 
unabsorbed gases from the apparatus. 

8. The apparatus of claim 1, Wherein the detector com 
prises concentric tubular electrodes. 

9. The apparatus of claim 1, Wherein the detector detects 
changes in conductivity in the presence of the selected gas. 

10. The apparatus of claim 1, Wherein the selected gas 
comprises carbon dioXide. 

11. The apparatus of claim 1, Wherein the liquid comprises 
Water. 

12. The apparatus of claim 1, Wherein the concentrator 
comprises inert material Where the sample comes into con 
tact With the concentrator. 

13. The apparatus of claim 12, Wherein the inert material 
comprises borosilicate glass. 

14. The apparatus of claim 1, Wherein the mist trap 
comprises inert beads. 

15. The apparatus of claim 14, Wherein the beads com 
prise borosilicate glass. 
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16. The apparatus of claim 1, Wherein the concentrator 

comprises a u-tube to separate the analytical sample from a 
blank. 

17. The apparatus of claim 1, Wherein the selected gas is 
detected in amounts as small as 10 parts per trillion. 

18. A method for detecting a selected gas in a liquid 
sample, the method comprising: 

providing a concentrator to concentrate the selected gas in 
the sample Without concentrating sources of ionic inter 
ference; 
the concentrator comprising: 

a vaporiZer to eXpel the selected gas out of the liquid 
sample and to evaporate at least a portion of the 
liquid sample to form vapor; 

a mist trap in ?uid communication With the vaporiZer 
to capture mist droplets from the vaporiZer; and, 

a condenser in ?uid communication With the mist 
trap to condense the vapor to a liquid condensate, 
Whereby the selected gas in the vapor is sorbed 
and concentrated in the liquid condensate; 

providing a detector in ?uid communication With the 
concentrator to detect the selected gas in the 
sample; 

introducing the sample into the concentrator; 
concentrating the selected gas Without concentrating 

sources of ionic interference; and 
detecting the concentrated selected gas. 

19. The method claim 18, further comprising reacting the 
sample to produce the selected gas prior to concentrating the 
gas. 

20. The method of claim 18, Wherein the method is 
adapted for continuous process monitoring applications. 

21. The method of claim 18, Wherein the method is 
adapted for batch mode analysis. 

22. The method of claim 18, Wherein the method is 
adapted for total carbon/total inorganic carbon analysis of a 
sample. 

23. The method of claim 18, Wherein the method is 
reagentless. 

24. The method of claim 18, Wherein the selected gas is 
detected in amounts as small as 10 parts per trillion. 

25. A method for high sensitivity detection of CO2 in 
liquid Water, the method comprising: 

heating the liquid Water to release CO2 from the heated 
liquid Water; 

evaporating at least a portion of the heated liquid Water to 
form a vapor; 

condensing the vapor to form a liquid condensate, 
Whereby CO2 is absorbed and concentrated in the 
liquid condensate; and 

detecting the amount of CO2 in the liquid condensate. 
26. The method of claim 25, further comprising a remov 

ing any unabsorbed gases after the unabsorbed gases are 
released from the liquid Water. 

27. The method of claim 25, further comprising: 
detecting the amount of CO2 in the liquid Water after the 
CO2 has been released from the liquid Water by heat to 
provide a baseline blank measurements. 

28. The method of claim 25, Wherein the method is 
reagentless. 

29. The method of claim 25, Wherein the CO2 is detected 
in amounts as small as 10 parts per trillion. 

* * * * * 


